L
iver transplantation was first performed in 1963 1 as an experimental treatment for end stage liver disease, when three patients were transplanted, all of whom died within three weeks. Since then it has become an established treatment resulting in improved quality of life, 2 with 675 transplants from cadaveric donors taking place in the UK in 2001 and 706 in 2002. 3 These figures include a small number of patients transplanted in the UK who are not eligible for NHS treatment. Liver transplant activity has increased substantially compared with 10 years ago when 502 liver transplants were performed in 1992. Early (one year) survival has improved to 88% for the period 1998-1999, with 73% three year survival for the period 1996-1997, and 64% five year survival for the period [1994] [1995] . 3 This improvement is probably attributable to a combination of factors such as improved surgical and anaesthetic technique, changes in medical management after transplantation, the improved recognition of other harmful factors like hypertension, and improved selection of patients in whom liver transplantation is probably not appropriate such as those with multiple large tumours or cholangiocarcinoma.
Indications for transplantation include chronic liver failure attributable to most chronic parenchymal liver disorders that result in cirrhosis or hepatocellular carcinoma and acute liver failure. These include viral hepatitis (B and C), primary biliary cirrhosis, primary sclerosing cholangitis, cryptogenic cirrhosis, metabolic liver disease, alcoholic cirrhosis, autoimmune hepatitis, biliary atresia, a 1 antitrypsin deficiency, haemochromatosis and acute liver failure attributable to paracetamol overdose, autoimmune hepatitis, hepatitis A, B, and E, or drugs (see fig 1) .
Because of its success in treating liver failure resulting from these conditions, there is a shortage of organs available for transplantation (there were 158 patients on the liver transplant waiting list at the end of 2001, 163 at the end of 2002) and there is therefore much debate about who should receive this scarce resource. Re-transplantation already accounts for some of the transplant activity and as long term survival improves in transplant recipients, graft failure due to recurrent disease will also rise. This is particularly true for hepatitis C, which is now the commonest indication for liver transplantation worldwide. Re-transplantation is well known to be associated with higher complication rates and lower patient and graft survival for all conditions. 4 In patients with graft failure due to recurrent hepatitis C, transplantation after the development of decompensation of the graft gave a one year survival rate of 41%. 5 6 This has resulted in much research being aimed at preserving graft function. As survival improves 7 and the number of available treatment options increases (such as new immunosuppressive and antiviral drugs), the long term effects of the different available treatments and their side effects, such as renal failure, 8 9 become more apparent and more important.
This review focuses on liver transplantation for hepatitis C virus (HCV) related liver disease and the different immunosuppression agents used.
HEPATITIS C VIRUS
HCV is an increasingly common chronic viral infection affecting the liver. Estimates of the number of people infected in the UK range from 200 000 to 400 000 although the true number remains unknown. 10 It is mostly spread by blood transfer and is therefore common among users of injected drugs.
11 It is also prevalent in patients who have received blood transfusions or other blood products before blood was screened for hepatitis C infection. This includes patients with haemophilia who received many transfusions or blood products before 1985. 12 There may also be a small risk of transfer by sexual intercourse that has been quantified at less than 5% to spouses of infected patients 13 although the precise magnitude of this risk has not been fully established.
Once infected, most people become chronic HCV carriers and develop chronic hepatitis.
14 It causes liver fibrosis in a significant proportion of those infected, with the median time from infection to cirrhosis estimated to be 30 years. 15 The biggest determinants of the rate of fibrosis progression are the age at infection, with older ages being associated with more rapid progression of disease, alcohol consumption greater than 50 g per day, male sex, 15 and body mass index. There may be a link with viral genotype 1, 16 but this is less certain. When infection has been established by the presence of the hepatitis C antibody and viral RNA in serum, a liver biopsy is usually performed to assess the degree of liver damage. Any patient with significant fibrosis or inflammation is usually offered treatment with interferon alfa and ribavirin. For types 1 and 4 HCV this is continued for one year and for types 2 and 3 it is continued for six months. 10 More recently pegylated interferon has been used in combination with ribavirin with some improvement in cure rates. Current literature suggests a cure rate for genotypes 1 and 4 of up to 41% and for genotypes 2 and 3 of up to 80%. 17 When cirrhosis has developed in an infected liver, the disease can progress to hepatic decompensation over a period of up to 10 years during which there is a significant risk of evolving hepatocellular carcinoma. 18 These situations carry a poor prognosis for which the only effective treatment is liver transplantation.
RECURRENT DISEASE
After transplantation for HCV related liver disease, graft infection is almost universal. 19 Treatment for acute rejection (in contrast with acute rejection itself) and a higher cumulative corticosteroid dose have a detrimental effect on graft survival. Sheiner et al showed a clear correlation between time to recurrence of biopsy confirmed HCV and treatment for acute rejection. 20 They found that patients without acute rejection had the lowest levels of hepatitis recurrence in their graft (18%), patients with one episode of rejection had a risk of recurrence of 42%, and patients with multiple episodes of rejection had a recurrence risk of 70%. Patients with corticosteroid resistant rejection treated with OKT3 had a recurrence risk of 71%. Berenguer et al also found a link between treatment of acute rejection and recurrence of HCV in the graft. 21 Although they found that there was no relation at one year after transplantation, a significant relation had developed by two years. This was stronger in patients who had had multiple episodes of acute rejection. They also found that cumulative corticosteroid doses were higher in patients who developed chronic graft hepatitis. Only four patients were treated with OKT3 in this series, but three of them developed moderate or severe hepatitis by one year after transplantation and two had died by two years after transplantation.
The drugs used for immune suppression also play a part in the progression of graft disease. 22 23 Initial immunosuppression and longer duration of corticosteroids have been shown to correlate with fibrosis progression in the graft. 22 Papatheodoridis et al found that immunosuppression with a single agent correlated with higher levels of HCV RNA at three months but that at 12 months high HCV RNA levels and ribavirin (efficacy depends on viral genotype) correlated only with longer duration of corticosteroid treatment. 24 The HCV RNA level at 12 months also correlated with the severity of fibrosis at 12 months. A second study from the same group found that initial immunosuppression using multiple agents resulted in more severe graft fibrosis three years after transplantation 22 although the patients with the heavier immunosuppression are those who also had corticosteroids as part of their initial treatment.
The use of the interleukin 2 receptor antagonist daclizumab together with mycophenolate mofetil (MMF) has been shown to cause more rapid progression of HCV related fibrosis. 23 A study by Nelson et al of 41 patients (21 with HCV) treated with MMF and daclizumab found that there was a detrimental effect on the patients with HCV. Patients with HCV had a shorter time to histological recurrence of hepatitis and jaundice and greater histological activity at one year after transplantation, with 45% having developed advanced disease by this stage.
Regimens including azathioprine have been associated with reduced histological recurrence. 25 Hunt et al studied 65 patients with HCV treated with calcineurin inhibitor and prednisolone who were transplanted over a 15 year period. Seventeen of them also had azathioprine included in their treatment regimen. They found that regimens including azathioprine had a lower rate of histological recurrence and disease progression. There was no difference seen between the calcineurin inhibitors used.
This progression of HCV related disease may be much more rapid than that seen in native liver 26 27 with fibrosis rates increasing in recent years. 5 In several studies it has been shown that the progression of fibrosis is more rapid, varying from a median time to cirrhosis of 1.6 years to 13 years. 26 28-30 Berenguer et al also found that the rate of fibrosis progression was increasing over the time period studied with time to cirrhosis falling from 9.8-13 years in 1990-1991 to 1.6 years in 1996. 5 Fibrosis development can therefore progress much more rapidly in some patients.
Donor age has recently been recognised to be one of the most important determinants of graft disease after transplantation for HCV related cirrhosis. The study by Wali et al 30 estimated that with a donor aged under 40 years old fibrosis would progress at 0.6 stages per year (cirrhosis was stage 6) with a median time to cirrhosis of 10 years. If the donor was aged 50 or over, the progression rate was 2.7 stages per year with a median time to cirrhosis of 2.2 years. Berenguer et al confirmed the finding that increasing donor age was associated with more rapid progression to cirrhosis but did not estimate the rate for different donor ages. 31 A third study concluded that donor age was the most significant predictor of graft failure in their series of 93 patients. 32 For each decade increase in donor age the relative risk of graft failure rose significantly. The findings in these comparatively small cohorts of patients have subsequently been confirmed in larger cohorts. Neumann et al 33 described 183 patients and Rifai et al 34 270 patients with hepatitis C in whom increasing donor age had an adverse effect on survival and fibrosis development. Lake et al 35 described 3463 patients reported to the Scientific Registry of Transplant Recipients in America and found that donor age of over 40 was strongest predictor of graft loss and death in patients with hepatitis C. The study by Rifai et al 34 also suggested that there may be a detrimental effect of donor age irrespective of hepatitis C status, a finding that was also seen in a study by Russo et al 36 looking at the United Network for Organ Sharing database in America.
Drugs aimed at reducing the viability of HCV such as interferon and ribavirin have been disappointing. It is now accepted that the combination of interferon and ribavirin is the treatment of choice for HCV infection in native liver and several studies have been performed to see if viral clearance is possible after liver transplantation. This combination of drugs has been shown to be effective in some studies, but the results are mixed. Although some studies show an improvement in biochemistry there seems to be no impact on the progression of fibrosis in serial biopsies. [37] [38] [39] [40] [41] [42] Furthermore, many studies have found that the combination of interferon and ribavirin is poorly tolerated in this group 39 41 43-45 with one of these studies finding that 66% of patients needed dose modification or cessation of treatment. 45 The accelerated fibrosis seen after transplantation in patients with HCV compares poorly with patients with HCV in native liver where Poynard et al estimated that development of cirrhosis may take 30 years. 15 Fibrosis in this group of 2235 patients progressed at a rate of 0.133 stages per year (cirrhosis was stage 4).
IMMUNE SUPPRESSION
Immune suppression is essential after organ transplantation to prevent the host immune system rejecting the organ. There are now many different drugs used including calcineurin inhibitors (cyclosporine and tacrolimus), sirolimus, antiproliferative drugs (azathioprine, mycophenolate mofetil), corticosteroids, and various lytic or blocking monoclonal antibodies.
Immunosuppression is started during the transplant operation and continued thereafter, usually for life. Because of the long duration over which the patient takes the drugs, side effects are important but may only become apparent after several years. The effect of the drug on the liver graft is also important, particularly now that patients survive longer.
Calcineurin inhibitors
Cyclosporine was the first calcineurin inhibitor to become available in the late 1970s. In combination with improved operative and anaesthetic techniques it created a milestone in transplantation by permitting much improved graft and patient survival compared with previous treatments that had relied on a combination of prednisolone and azathioprine. [46] [47] [48] It acts by binding cyclophylin and the resulting complex inhibits the activity of calcineurin phosphatase. This in turn prevents dephosphorylation of nuclear factor of activated T cells (NF-AT) resulting in reduced production of interleukin 2 by T cells. Interleukin 2 stimulates B cells and natural killer cells to become activated, thus damaging the allograft.
Many studies have been done looking at how best to use cyclosporine and for several years it was the mainstay of treatment for all solid organ transplants. There is currently some debate about how to monitor patients; trials are underway based on monitoring the drug level at two hours Key points: recurrent disease N Hepatitis C recurrence is almost universal in liver grafts N Fibrosis progression is more rapid than in native liver N Median time to cirrhosis is 10 years N Donor age and treatment for acute rejection (as compared with acute rejection itself) are important determinants of the rate of fibrosis progression N Fibrosis rates have increased in recent years N Interferon and ribavirin are poorly tolerated after transplantation and do not change the rate of fibrosis progression N Current practice is to use calcineurin inhibitor monotherapy (usually tacrolimus) as the mainstay of immunosuppression after dose compared with conventional practice, which is to measure the trough level. The aim of this newer approach is to try and minimise the side effects, but different pharmacokinetics between patients are likely to cause problems because time from dosing to peak level is variable and not predictable. The main side effects of cyclosporin are renal impairment (which may cause renal failure), weight gain, hypertension, hyperlipidaemia, hyperuricaemia, tremor, headache, hirsutism, gingival hyperplasia, and diabetes mellitus.
Tacrolimus, also a calcineurin inhibitor, was first used in the late 1980s and binds FK-binding protein 12 within the cell. This complex acts on the enzyme calcineurin phosphatase, resulting in a similar mode of action to cyclosporin. The side effects are similar, causing renal impairment (which may cause renal failure), weight gain, hypertension, hyperlipidaemia, hyperuricaemia, tremor, headache, and diabetes mellitus, although it does not cause hirsutism and gingival hyperplasia.
Tacrolimus was initially promoted as a rescue therapy for failed treatment with cyclosporin but is now often used as first line therapy. There have been several studies comparing the efficacy of the calcineurin inhibitors in liver transplantation. In European and American studies [49] [50] [51] there is a clear but modest benefit of tacrolimus over cyclosporine in terms of early graft and patient survival, with lower acute and chronic rejection rates but more side effects. Longer term follow up is awaited with interest. A recent randomised trial comparing cyclosporin with tacrolimus for initial immunosuppression in the first year after transplantation found no difference between the two drugs assessed by liver biopsy. 52 Patients sometimes switch between the drugs because side effects vary from patient to patient with each drug.
Mycophenolate mofetil
MMF is an ester pro-drug of mycophenolic acid, an antiproliferative agent that predominantly affects lymphocyte proliferation. It inhibits the action of inosine monophosphate dehydrogenase in a non-competitive manner (this is the same enzyme that is competitively inhibited by ribavirin). It has been used predominantly as an add on treatment with a calcineurin inhibitor to try and improve outcome or as a means of reducing calcineurin inhibitor dose in patients with renal dysfunction. It has also been used as monotherapy in patients with renal failure.
MMF has also been trialled for use in HCV 53-55 because of a possible antiviral effect as it is known to inhibit the same enzyme as ribavirin (although by a different method). None of these trials have found an improved survival outcome using MMF either in combination with a calcineurin inhibitor or without a calcineurin inhibitor, nor had a clear antiviral effect. It was also noted that MMF did not change the response to antiviral treatment. Two trials of patients with hepatitis C have shown a detrimental effect of MMF use 32 56 although one trial found a positive effect using MMF with less inflammation and fibrosis seen in biopsies of patients taking MMF. 57 Its role is therefore not clear and it is currently used as a second line drug. The main side effects are bone marrow suppression, nausea, and diarrhoea.
Azathioprine Azathioprine used to be the most commonly used immunosuppressant before the development of cyclosporine and works by inhibiting the differentiation and proliferation of B and T lymphocytes by interfering with RNA and DNA synthesis. Its main problem is lymphopenia, especially in the early postoperative period. It has been largely superseded by the calcineurin inhibitors as the mainstay of immunosuppressive therapy after transplantation, but has an important part to play alongside calcineurin inhibitors in patients transplanted for autoimmune liver disorders. It is however often used in the first few months after transplantation in addition to a calcineurin inhibitor and may improve outcome when used in combination therapy after transplantation for HCV related cirrhosis. 25 56 58 OKT3 OKT3 is an anti-CD3 murine monoclonal antibody that is directed against the CD3 complex expressed on mature T cells. It has been used as primary immunosuppression after transplantation but is now generally used only to treat corticosteroid resistant rejection. It is associated with a poor outcome and severe recurrence of hepatitis if used in HCV. 21 59 Rosen et al retrospectively analysed 19 patients who received OKT3 for corticosteroid resistant rejection and compared them with 33 patients who received corticosteroids for acute rejection but no OKT3. 59 They found that there was a shorter time to HCV recurrence and a more severe hepatitis in those patients who received OKT3 and that these patients were more likely to develop cirrhosis during follow up.
ATG is a polyclonal antibody to all human thymocytes but is generally thought to be much safer to use in corticosteroid resistant acute rejection. It is currently the treatment used in this situation.
Clearly T cell antibodies have a part to play in patients in whom pulsed corticosteroids cannot control acute rejection, but there seems to be no advantage to their routine use and they should be used with extreme caution in patients with HCV.
Corticosteroids
Corticosteroids are potent anti-inflammatory drugs that act through intracellular receptors to regulate gene transcription. They were the first drugs used in combination with azathioprine to control rejection. Until the discovery of cyclosporine this combination provided the mainstay of treatment for the prevention of rejection. The main problem with corticosteroids is their numerous side effects. Many of the side effects are, however, the result of longer term use and corticosteroids are still useful drugs, particularly if they are used sparingly. They are used as part of the initial immunosuppression after transplantation and in short courses of large doses to treat acute rejection. Specific problems with corticosteroids after transplantation have been reported with HCV. The rate of fibrosis progression in the graft has been shown to be faster with higher cumulative doses of corticosteroids 5 24 and there is some evidence that the rate of withdrawal of corticosteroids may have an effect on the graft. Brillanti et al studied a retrospective cohort of patients with HCV and found that those who were taking higher doses of prednisolone at 12 months and were therefore having their dose tapered very slowly had less recurrence of hepatitis. 60 This finding is controversial and contradicts the findings of many other studies that have shown a link only to total corticosteroid dose and treatment of acute rejection. The result could have arisen because the end points used were Immunosuppression agents commonly used in liver transplantation N Calcineurin inhibitors (cyclosporin, tacrolimus) N Prednisolone N Azathioprine N Mycophenolate mofetil N Sirolimus N Antibodies (ATG, OKT3) biochemical rather than histological 61 and most believe that histology is the most critical outcome measure. 62 There is also evidence from two other studies that corticosteroids should not be stopped early. Berenguer et al found that stopping corticosteroids in the first year after transplantation led to worse fibrosis 56 and Somanakis et al found that patients maintained on corticosteroids developed less severe fibrosis. 58 The role of corticosteroids beyond three months after transplantation therefore remains controversial.
There is evidence that corticosteroids are also harmful for those with hepatitis B virus related liver disease.
Sirolimus
Sirolimus is a macrolide immunosuppressant derived from Streptomyces hygroscopicus. It was initially investigated as a chemotherapeutic agent and for its antifungal properties but caused too much immunosuppression to be clinically useful. It was subsequently investigated as an immunosuppressive agent and was first used in liver transplantation in the late 1990s. 63 It acts by binding FK-binding protein 12, which in turn binds the mammalian target of rapamycin (mTOR) protein (rather than binding calcineurin as tacrolimus does), blocking cytokine mediated and ligand binding mediated signal transduction, by inhibition of the p70 S6 kinase enzyme. It causes arrest at the G1/S phase of the cell cycle.
It has no effect on calcineurin phosphatase activity and therefore has a different side effect profile to the calcineurin inhibitors. [64] [65] [66] [67] [68] [69] There is no direct nephrotoxicity and one particular benefit in relation to calcineurin inhibitors is the improvement in renal function after switching to sirolimus. [70] [71] [72] Known side effects include lymphocele development, impaired wound healing, abdominal and bony pains, diarrhoea, oedema, oral ulceration, anaemia, leucopoenia, and the nephrotic syndrome. It has recently been licensed as monotherapy for use in renal transplantation but remains unlicensed for use after liver transplantation.
A study done on a rat model of hepatic fibrosis also suggested that sirolimus exerts an antifibrotic effect. 73 Rats were given carbon tetrachloride and it was found that when sirolimus was given in addition to carbon tetrachloride hepatic fibrosis did not develop as it did in the control group. It was also found that sirolimus inhibited the proliferation of hepatic stellate cells stimulated by platelet derived growth factor in a cell culture model, leading the authors to suggest that this could be a possible mechanism of action. A previous study performed by the same group investigating the effect of tacrolimus on the development of liver fibrosis in rats found that administration of tacrolimus with carbon tetrachloride caused an increase in the amount of fibrosis. 74 Two other studies performed in culture models have also found that sirolimus may have an antifibrotic effect. A study using a fibroblast cell culture model found that in the presence of platelet derived growth factor or basic fibroblast derived growth factor, fibroblast proliferation was reduced. 75 A second study using a tissue slice growth model found that collagen deposition and fibrosis development in the slice of cultured liver tissue was reduced in a dose dependent fashion in the presence of sirolimus. 76 A role for sirolimus in graft fibrosis, especially in relation to HCV infection, is under investigation currently.
Current practice at Addenbrooke's hospital Immunosuppression after liver transplantation at Addenbrooke's hospital usually comprises three types of drugs. Corticosteroids (methyl prednisolone) are given intraoperatively, with intravenous azathioprine and tacrolimus postoperatively. Oral drugs are substituted as soon as possible. These are given on a daily basis according to weight and trough drug level in the case of tacrolimus. The corticosteroid dose is rapidly tapered so that all corticosteroids should have stopped by three months after transplantation. The azathioprine is stopped six months after transplantation (except in the case of transplantation for autoimmune hepatitis) and the patients continue on tacrolimus monotherapy with a target trough dose range of 5-10 ng/ml.
Acute rejection is treated with methyl-prednisolone 500 mg bolus intravenous injections for three sequential days. This can be repeated if necessary before using specific antibodies such as ATG for biopsy verified recurrent acute rejection.
QUESTIONS (TRUE (T)/FALSE (F); ANSWERS AT END OF REFERENCES)
1. Hepatitis C recurrence in liver grafts is rare 2. Fibrosis in hepatitis C infected liver grafts is accelerated when compared with native liver 3. Standard treatment for hepatitis C (interferon and ribavirin) is effective after liver transplantation 4. Patients with hepatitis C infected liver grafts should be treated with large doses of corticosteroids after transplantation 5. Transplantation for hepatitis C related cirrhosis is becoming increasingly common worldwide N Selecting from a validated, screened search (performed by in-house Information Specialists) epidemiologically sound studies for inclusion.
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